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Foreword

At the request of the Energetic Particles Committee of the International
Magnetospheric Explorer Project, a special orbital radiation study was con-
ducted for the Mother-Daughter Mission in order to evaluate mission-encount-

ered energetic particle fluxes.

Magnetic field calculations were performed with a current field model,

extrapolated to the tentative spacecraft launch epoch with linear time terms.

Orbital flux integrations for elliptical flight paths were performed with
the latest proton and electron environment models, using new improved

computational methods.

Temporal variations in the ambient electron environment were con-

sidered and partially accounted for,

Finally, estimates of average energetic solar proton fluxes are given
for a one year mission duration at selected integral energies ranging from
E>10 to E>100 Mev; the predicted annual fluence relates to the period of

maximum solar activity during the next solar cycle.

The results are presented in graphical and tabular form; they are

analyzed, explained, and discussed.
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Introduction

The objective of the present study is to evaluate the charged particle
fluxes incident on spacecrafts in very eccentric orbits, in support of the

ISEE (IME) mission(s).

For this purpose, two flightpdths were considered having identical
inclinations but different perigee altitudes (240 and 1364 kilometers, respec-
tively). Apogee altitude was approximately the same for both cases (about 22

earth radii).

For each of the two perigee altitudes investigated, two nominal
trajectories were generated, having identical orbital configurations but with
their major axes rotated by 180° in the plane of orbit, which resulted in
placing the initial 2pogee into opposite hemi_spheres. This was done in order
to determine the corresponding variation in the vehicle-encountered particle

intensities.

In reference to geomagnetic geometry, elliptical flightpaths with low
perigee altitudes and large eccentricities (at any inclination) traverse the
entire terrestrial radiation belt twice during each revolution, moving alter-
nately th'rough regions of magnetic dipole space of low L values (l.0<L<2,8:

the "inner zone') and high L values (2.8 < L<-12.0*: the "outer zone'). A

*The upper boundary of the "outer zone" in the current electron models has
been placed at about L=12, e.r., as against L.=6.5 e.r. in the older models.



large part of the studied trajectories lies outside the Van Allen belt trapping

regions (L>12 earth radii).

Also, the orbits are for most of the time exposed {o unattenuated
interplanetary energetic solar proton fluxes; these are discussed in a sub-

sequent section.

The breakdown of trajectories into segments according to L-ranges
or '"zones'" is important in orbital radiation studies because each zone re-
quires special treatment. The inner zone, for example, requires special
consideration on account of the substantial "Starfish”*residuals {Teague and

Stassinopoulos, 1972) that still populated this region in October, 1967, the

effective date of the corresponding environment model used in the calcula-
tiongs. The outer zone also warrants special consideration because the ira-
jectories pass through regions of magnetospheric space that are accessible
to subrelativistic cosmic ray fluxes of solar origin., A detailed discussion

of this is given in the section on "Energetic Solar Proton Fluxes",

Another important feature of the outer zone is the strong Local Time
dependence of the ambient electron environment., The LT variations for
high energy electrons (1-3 Mev) at about 5<1,<6 exceed one order of magni-
tude. These variations are due to the distortion of the magnetosphere caused

by the solar wind (compression at local noon, elongation at local midnight).

“ngtarfish' is the high alfitude nuclear explosion over Johnsion Island in the
Pacific in July, 1962, which injected about 1029 energetic artificial electrons
into the inner zone region of the Van Allen belts,



Thecretically, the new outer zone model, to be discussed in another
paragraph, recognized this dependence and accounted for it by incorporating
an analytic function for its calculation. However, the version distributed
in card deck form for practical application purposes provides fluxes which
are averaged over local time. The reason behind this simplification is that
most users employ the model in orbit- or time-integration processes to
missions which have durations of six months or more and the local time
effects would be averaged out anyway. Hence, in order to save time, core,
and effort, a local time averaged value, which is nearly equivalent to the
fluxes at the dawn meridian, was inseried into the model in place of the

analytic function,

Orbital flux integrations were performed with UNIFLUX, a '"Unified

Orbital Flux Integration and Analysis System" by Stassinopoules and

Gregory, (1972).

Two new environment models were used in the calculations: the AES

by Teague and Vetfe (1972) for the inner zone electrons, and the AE4 hy

Singley and Vette (1971) for the outer zone electrons. Some observations on

these models are in order.

Both are static models describing the environment as it existed back
. in October, 1967, at about solar maximum conditions. In constructing the
models, it was possible to infer a change of the average quiet-time electron
flux levels as a function of the solar cycle. However, a complete temporal

description of the solar cycle dependence is not available at this time,



Besides, in the regions of space visited by the orbits considered in this

study, there occur no appreciable changes in the time averaged fluxes.

Additional static versions of the AE5-AE4 models for the 1964 (1974)
solar minimum epoch have just been released and will be incorporated into

UNIFLUX for future applications.

As for the ISEE (IME) mission, now tentatively scheduled to fly in
1977, the present calculations were appropriately performed with the
current solar max versions of the electron models because the launch date

falls definitely into the next period of increased solar activity.

Tt should be noted that the artificial component contained in the solar
max version of the AE5 model of epoch 1967, was still significantly predom-
inant at some L values and for some energies. In order to update the model,
the remaining artificials were exponentially decayed, using appropriate cut-
off times and lifetimes, These were available as functions of energy and L in
tferms of approximate dates at which the Starfish fluxes had decayed down to

natural background levels (Teague and Stassinopoulos, 1972) and apparent

decay lifetimes for artificials (Stassinopoulos and Verzariu, 1971).

In contrast to the electrons, no special considerations are required for
the proton results obtained from standard models long in use, Although they
describe a static environment, this is a valid representation for these particles
because experimental measurements have shown that no significant changes

with time have occurred in the proton population, With the exception of the



fringe areas of the trapping region, the possible error introduced by the static
approximation lies well within the uncertainty factor attached to the models.
Consequently, the proton data may be applied to any epoch without the need

for an updating process.

We wish to emphasize that our calculations are only approximations
although they are based on the best available data; as always, we strongly
recommend that all persons receiving parts of this report be advised about the

uncertainty in the data, as discussed in Appendix A.

Finally, an explanation regarding the attribute "'standard” frequently
used in the reformatted OFI (Orbital Flux Integration) Study Reports.
The term is applied as a modifier to parameters, constants, or variables
in order to indicate or refer to some specific value of these quantities
that has been used without change over extended periods of time. Although
override possibilities do exist in the UNIFLUX system, a routinely sub-
mitted production run will, by default option, always use these "standard"
values. The term is also used in reference to established forms, style,
processes, or procedures, as for example, 'siandard tables", "standard
plots'', "standard production runs', etc. A list of some quantities, values,

or expressions modified by "'standard" is given in Table 1.



Results: Analysis and Discugsion

The outcome of our calculations is summarized in Tables 3 to 38,
which are all computer produced. The tables are arranged in six sets,
where every set pertains to one specific type of data: the first set contains
the "L-band" tables; the second, the "Spectral Distribution and Exposure
Index" tables; the third, the tables of '"Peaks"; the fourth, the "Exposure
Analysis" summary and the "Time Account" breakdown: the fifth, the
tables of "Physical Perigee Positions"; and the sixth set, the "Energetic
Solar Proton' tables. The first three sets contain two similar members for every
trajectory considered in the study: one for protons and one for electrons,
in that order. The last three sets contain only one member for each tra-
jectory. The tables are further explained in Appendix B, wherc a more
detailed description of their contents is given. Figure |l is a guide to
table arrangement, as they are produced by a standard production run of

the Orbital Flux Integration (OFI) program UNIFLUX for a single trajectory.

Some of the tabulated data is also computer plotted in Figures 3 to 26,
with additional Figures 27 to 34 containing plots of flightpath data. Finally,
the manually produced Figure 35 gives the mean annual solar proton fluence
for the trajectories considered in this study. As with the tables,
the computer plots are arranged in five sets, where each set pertains to

one specific type of data: the first set contains "Time and Flux Histograms";



the second, ""Spectral Profiles"; the third, "Peaks per Orbit"; the fourth,
trajectory "World Map Projections'; and the fifth, '""B-L Space Tracings'.
Again, the first three sets contain two similar members for every mission:
one for each type of particle considered. The last two sets contain only
one member for every trajectory. Appendix C describes and explains the
plots. Figure 2 is a guide fo plof arrangement, as they are produced by a
standard production run. The final plot (Figure 35) is explained in the

section "Energetic Solar Proton Fluxes'.

I. Spectral Profiles
For tabulated data consult Tables 11 ~ 18,

For plotted data consult Figures 11 - 18,

The integral spectra presented in this report are orbit integrated,
statistically averaged, trapped particle spectra, characteristic of the

specific trajectories that produced them.

Noteworthy are the electron spectra obtained from the new environment
models AES and AE4, especially in regards to the steep fall-off to zero
flux in the energy range of about 4 to 5 Mev. The apparent cutoff at these
energies is probably due to the extensive decay of the high energy Starfish
artificials by 1967, since no significant numbers of trapped naturals exist

with energies greater than 4 - 5 Mev.

To be exact, there are only two very small areas in B-L space where



the solar max models contain trapped electrons with the energies E>»5 Mev.
These areas form "pockets” of high energy electrons on the magnetic equa-
tor in the L-ranges 1.45 - 1,75 and 3.65 - 4,10 earth radii. The inner

zone pocket is obviously a Starfish remnant, on which the program will
apply the appropriate decay function indicated, whereas the outer zone
pocket appears to be 2 normal feature of the natural electron radiation belt

because artificial electrons never populated that area.

With regards to the protons, it should be noted that the ISEE (IME)

orbits experience very hard proton spectra above energies of about 50 Mev.

II. Peaks Per Orbit

Tabulated data is contained in Tables 19 - 26.

Plotted data is shown in Figures 19 - 26,

The absolute peaks P per revolution presented in this report have heen
obtained for standard OFI (Orbital Flux Integration) energies; thatis: E> 5. Mev

for protons, and E».5 Mev for electrons.

Because of the large eccentricity of the ISEE trajectory, coupled with
the low perigee altitude and the relatively small inclination, the spacecrafi
consistently encounters trapping regions of maximum instantaneous intensity
during its perigee passes. This produces the very high peak values appear-

ing in the results for both species,



1t should be noted that the E > .5 Mev electron peaks do not display
substantial per-orbit variations (amplitude less than a factor of 2) whereas
the E> 5, Mev proton peaks show significant variations with amplitudes
up to one order of magnitude. The larger per-orbit change in the proton
peaks may be partly due to the fact that these particles are confined {o a
more restricted domain enclosed within the volume of a dipole magnetic
shell of about L=3.8 earth radii, with equatorial maximum intensities
occurring at about L=1.8 earth radii, which region is probably stronger
affected hy the distorting influence of the South Atlantic anomaly., In that
case, perigee passes will lead alternately through more intense and less
intense trapping regions since net orbit precession amounts to about .4 earth

revolution, .

1. Trajectory Data

See Figures 27 - 30 for World Map Projections

See Figures 31 - 34 for B-L Space Tracings.

A. World Map
World map projeétions of trajectories are by definition the surface

traces of their subsatellite points.

The apparent westward drift of successive orbit tracings repre-
sents the "longitudinal precession' of the trajectory, resulting from

the rotation of the geoid in reference to the orbit plane.



Under unperturbed dynamic conditions, the respective orbit period
determines the nodal precession of the trajectory. For circular flight-
paths, the period, and hence the precession, is a simple function of
the geocentric distance, but for eccentric orbits the functional relation-
ship is more complex. The proposed ISEE trajectories have a period
of approximately 58.6 hours with a corresponding "net" precession of
about .4 of a terrestrial revolution (the earth executes 2.4 rotations

during one ISEE orbit period).

The maps clearly indicate the perigee hemisphere of each tra-
jectory: North for Figures 27, 28 and South for Figures 29, 30, They
also convey a measure of perigee drift (N-S variation). For reasons
of clarity, the world map projections of the frajectories are not plotted
for more than ten revolutions. The orbit numbers appear at the start-

ing points for each revolution.
B. Magnetic Dipole Mapping

At large geocentric distances (r o> 6), the quantities B and L have
no physical meaning any more because of the interaction between

solar wind and magnetosphere.

The noon-midnight distortion of the magnetosphere, produced by
that interaction (compression in the solar and elongation in the anti-

solar directions), causes a breakdown in the symmetry of the dipole

10



magnetic shell parameter L and introduces significant external currents
and fields, whose contributions substantially alter the apparent field
strength B that is presently being obtained for a given position from the

dipole terms of the internal field model applied in the calculations.

Therefore, in this study (as well as in every model of charged-
particle radiation utilized), these variables are being employed only

as ordering parameters,

The magnetic B-L space tracings of the high ‘elliptical trajectories
appear as long (horizontal) line segments on the plots (Figures 31 - 34),
mostly paralleling the equator, strikingly displaying the transverse motion
of the sateliite in that space frame. The breaks and discontinuities at low
L’high B positions in the contours are caused by the plotter, due to the

very large jumps in the values of the variables (satellite's perigee speed),

at high L,low B positions because of plotting limitations.

Incidentally, all inclinded trajectories cross, of course, the mag-
netic equator twice per period; however, the nodes (and hence the
point where the curves are tangent to the equatorial contour) are
shifted due to the rotation of the geoid. This displacement in B-L space

is analogous to the precession in geodetic space.

Again, for reasons of clarity, only three orbits are plotted per

graph; here also, the orbit numbers appear at the starting points of

each revolution.

1l



Energetic Solar Proton Fluxes

Good measurements of solar cycle 20 interplanetary cosmic ray
fluxes at about 1 A.T. are now available. These interplanetary particles
are also observed over the high latitude polar cap regions. However, at
other latitudes the geomagnetic field effectively shields the earth from some
of these cosmic rays by deflecting the lower energy particles while only

particles with increasingly higher energy penetrate to lower latitudes.

In order to consider the effect of geomagnetic shielding from cosmic
rays on an orbiting spacecraft, the total time spent by the vehicle in regions
of space accessible to these particles has to be calculated, as a function of
particle energy, for the cntire lifetime of the satellite. In other words, the
exposure of a spacecraft to these particles is in essence a function of
trajectory altitude and inclination, and mission duration, Of course, this
applies only to the years of increased solar activity, and whether a satellite
will "'see" energetic solar protons or not, even in accessible regions of the
magnetosphere, depends on the epoch within the solar cycle, at which the
mission is to be flown. If it coincides with the period of low solar activity
(vears of solar minimum), it most likely will not encounter any significant

number of energetic solar protons, and vice versa.,

Having calculated a mission-related exposure time for a specific

trajectory, one can use experimentally determined low energy cosmic ray

12



fluxes of solar arigin from which the galactic background has been sub-
tracted, to obtain vehicle-encountered energetic solar proton intensities.
In the present study, the annual mean of event and cycle integrated proton

fluxes of cycle 20, given by Stassiﬁopoulos and King (1973) for energies

ranging from E» 10 Mev to E> 100 Mev, were used to estimate cycle 21

intengities on the SOLRAD and TIMATION missions.

Although a thorough statistical treatment has now been worked out in
regards to the probability of actual cycle 21 fluxes e.xceeding the predicted
intensities (King, 1974), crude model confidence levels suffice for first
order approximations, and are given below., However, the importance of
such statistics must be emphasized; it is best demonstrated by the occurrence
of the August 4 - 7, 1972, event, which was the largest recorded in solar
cycles 19 and 20, its fluxes exceeding the accumulative total of all other
cycle 20 events by about a factor of 2 for the E> 10 Mev protons and by a
factor of 4 for the E> 30 and E>60 Mev particles. Therefore, caution is

advisable when using the data presented in this report.

The probability that the fluxes estimated for the ISEE mission will be
exceeded by an actual event, is about 33% for a one year mission duration,

and about 40% for a two year mission duration,

Figure 35 shows the annual, omnidirectional, integral spectral prbfile;
of vehicle~encountered energetic solar proton fluxes in units of total number

of particles per square centimeter,

13



Note: These fluxes apply only to missions planned for periods of in-
creased solar activity. It is not expected that solar-min missions will
encounter energetic solar protons of any significance; at least, it is very
unlikely (but not impossible) to have a major event occurring during the
years of minimum solar activity. Thus, a 3 year mission, to be launched in
mid 1974, will spend most of its lifetime in a solar min period., Hence, no
solar protons have to be considered until about 1977. Thereafter, the pre-
dicted mean annual intensities should be applied to the remaining 0,5 years.
Caution: In evaluating the energetic solar proton radiation hazard please
bear in mind that the probability of at least one anomalously large event

occurring during the time interval 1977 - 1979 is high.

14
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APPENDIX A

General Background Information

" For the specified flight paths, orbit tapes were generated with a
constant integration stepsize of five minutes, and for a 600 hour flight
duration each. This time interval is adequate for a sufficient sampling of
the ambient environment allowing at least ten perigee passes. The follow-

ing ececentric trajectories were thus produced at an inclination of 29 degrees

prograde:
Perigee Apogee Perigee in
Case # Altitude Altitude Hemisphere
1 1366 km 18 e.r. North
2 240 km 18 e,r. North
3 1364 km 18 e.r, South
4 240 km 18 e.r. South

with the combined GEODYN-BLCONV system (Stassinopoulos et al, 1973),

which subsequently converted the orbits from geodetic polar (h,3 ,¢) into
magnetic B-L coordinates with McIlwain's INVAR program of 1965 (Hassit

and MclIlwain, 1967) with the field routine ALLMAG by Stassinopoulos and

Mead (1972), utilizing the IGRF (1965) geomagnetic field model by Cain

and Cain (1971), calculied for the epoch 1973.0.



Orbital flux integrations were performed with Vette's current models

of the environment, the new solar max AE5-AE4 for the inner and ocuter

zone electrons, the AP6-APY7 for high energy protons, and the AP5 for

low energy protons. All are static models which do not consider temporal

variations; this includes the new electron models, at least as far as the

present calculations are concerned. See text for further details on this

matter.

The documents that describe these models are listed below:

Models
AFE4
AES
AP5
AP6

AP7

Singley and Vette, 1972
Teague and Vette, 1972
King, 1967

Lavine and Vette, 1969

Lavine and Vette, 1970

The results, relating to omnidirectional, vehicle-encountered,

integral, trapped particle fluxes, are presented in graphical and tabular

form with the following unit conventions:

1. Daily averages:

2. Average instantaneous:

3. Totals per orbit:

total trajectory integrated flux
averaged into particles /cm2 day,

time integrated average, characteristic
of the orbit, in particles/cm*” sec,

non-averaged, single-orbit integrated
flux in particles /em® orbit, and



4, Peuaks per orbit: highest orbit-encountered instantaneous
flux in particles/em” sec,

where one orbit =one revolution.

Please note: We wish to emphasize the fact that the data presented
in this report are only approximations. We do not believe the results to be
any better than a factor of 2 for the protons and a factor of 3 for the elec-
trons, It is advisable to inform all potential users about this uncertainty
in the data, Please also remember that the electrons have appropriately
been calculated with a model describing the environment at solar maxi-
mum, since the launch date (somewhere in 1977) definitely places the

mission into a period of increased solar activity,

~



APPENDIX B

Description of Tables

a) The L-band Table:

The table contains 36 L-bands Li of equal size, covering the range
fromL = 1.0 to L = 8.2 earth radii in constant increments of .2 earth
radii. For the L-intervals determined in this way, orbital spectral

functions
i=1,36
// J Iy By B) (1)
L- k Li Li:Li<L < Li+1

N(>E,Ey;Li) = |I Ji(E;B)
k i

are obtained at nine arbitrary energy levels such that the integral spectrum

is equal to 1 for E = Ey, where Ey was taken to be 5. and .5 MeV for protons

and electrons, respectively. The notation £; is used to indicate the

L-band from L; to Lj,;, while J{>E;B) is the integral, omnidirectional

flux vielded by the environment model used in the calculation., The

spectral functions N are evaluated for the total flight time simulated

in the study, where the summing index k selects all trajectory points

lying in each Li.

The corresponding orbital distribution functions, representing fluxes
above energy Ey, are given by
F(E;£3) = bt |} Jy(>E;B) )
k L.
i
where At is the constant time increment of orbit integration, whose
standard value is 60 seconds. The distribution functions are fluxes

accumulated in their respective .4; bands over the total flight duration

considered.

The orbital distribution functions are listed on the table at the bot-

tom of each L-interval and are labeled "NORMFLUX." The nine integral

B-1



energy levels selected for protons and electrons are given below in

units of '"MeV" for all particles:

Protons Electrons
.1 .1
1. .5*
3, 1.0
5,* 1.5
10. 2.0
20, 2.5
30. 3.0
50. 4.0
100. 5.0

where the normalization energy is indicated by a star (*).

b)  The Spectral Distribution and Exposure Index Table:

This table has three parts:

1. The spectrum ¥5(AE) given in % for energy intervals that
correspond to the energy levels of the previously discussed table
(L-bands), with two special columns showing the total orbit integrated
flux for these energy intervals averaged into instantaneous I? and

daily I? intensitites

1? (AE) _
\PJ (AE] = 100 F—(-;E:i—j- J=1_,9 {:3)
where
Ko
F(E)) = ¢ ) J, (>E{;B,L)At (4)
k=1
k
b 0
Ij(AE) =C ) At Jk(>Ej,B,L) - Jk(>Ej+1,B,L) (5)

B-2



I;(AE) - I?(AEJ/86400 (6)

, T = kbt i=1,36

and where kO is the upper limit of k. It is equal to the total number

of time increments considered in the study.

II. The composite orbit spectrum for integral energies, giving the
total vehicle encountered fluxes averaged inte daily SD(>Ej) and per

second Ss(>Ej) intensities for 30 discrete energy levels:

T

D ) -
s (>Ej) = chAt mzo Jm(>Ej) j=1,30 N
SS(>Ej) = SD(>Ej)/86400 (8)

where the summation is performed for the entire simulated mission

duration T and includes all fluxes with energies greater than Ej'

III. The composite orbit spectrum for differential energies SS(=Ej)
obtained from the instantaneous total vehicle encountered fluxes SS(>Ej)

at the selected energy levels by analytic differentiation: .

aSs(>Ej)

S°(=E.) =

where the differential intensities are given in units of: particles

per square centimeter per second per keV,

B-3



IV. The exposure index, given (for the normalization energy used in
the L-band table) at nine successive intensity ranges R, one order of
magnitude apart, in terms of exposure duration T(R,), converted to
hours, and total number of particles ¢(>Ey;R,) accumulated while in
that intensity range. The notation Ry is used to indicate the

intensity range from rn to rp+l:

n=1,9
$(EsR.) = T(R ) B(>E;R ) R=r <r<r (S}
n n n+1l
8(*E, ;R ) = [} JOE ;1) (10)
N [l N ]R/ "n
71
T(R) = At £ (11)

where C, is the upper limit of & in each Ry.

c) The Table of FPeaks:

In this table, the absolute instantaneous peak flux encountered
during each successive orbit (revolution) is listed for the indicated
threshoild energy. There are nine columns on this table. Column 1 is
an orbit counting device, based on the period of the orbit when the
trajectory lies in the equatorial plane and is circular, on the
physical perigee in all elliptical cases, and on the equatorial crossing
for circular inclined trajectories. Column 2 gives the peak flux,
Columns 3, 4, and 5 indicate the spacecraft position in geocentric
coordinates at which the peak was encountered, while columns 6, 7,
and 8 determine respectively the time and the magnetic B-L coordinates
for this event. It should be noted that for the purpose of orbital
radiation studies all simulated flight paths start at t. = 0 hours.

0
Finally, the last column indicates the total flux encountered during



that particular orbit., It is advisable to disregard the last line on
this table because many times that orbit is incomplete and the fluxes

or positions shown do not correspond to true peaks.

d)  The Exposure Analysis Summary:

The summary is contained in the left half of this table as a
semi-independent and separate table. It indicates what percent of
its total lifetime T the satellite spends in "flux free" regions of
space, what pércent of T in "high intensity"™ regions, and while in

the latter, what percent of its total daily flux it accumulates,

In the context of this study, the term "flux free'" applies to all
regions of space where trapped particle fluxes are less than one pro-
ton  or electron per square centimeter per second, having energies
E>5., and E > ,5 MeV for the protons and the electrons, respectively;
by definition, this includes all regions outside the radiation belts.
The concept of "trapped particle fluxes" is meant to include stably
trapped, pseudo-trapped, and transient fluxes, as long as they are
part of or contained in the environment models used and, in the case
of transients or pseudos, their sources are considered powerful enough

to supply them continuously in substantial numbers.

Similarly, we define as "high intensity" those regions of space
where the instantaneous, integral, omnidirectional, trapped-particle
flux is greater than 10°® protons with energies E > 5. MeV, and

greater than 10° electrons with energies E > .5 MeV.

The values given in this table are statistical averages, obtained
over extended intervals of mission time. Ilowever, they may vary
significantly from one orbit to the next, when individual revolutions

are considered.
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e) The Time Account Breakdown:

The breakdown of orbit time is given in the right half of the
table, in the same semi-independent form as the summary. The table
shows the total lifetime spend by the vehicle in the inner zone
Ti (1,0 < L € 2.8) and the outer zone TO (2.8 < L < 11.0) of the
trapped particle radiation belt, and also the percent duration spent
outside that region (L > 11.0), which is denoted by T® (T-external),
such that for any mission. :

T=1 +1°+ 1% = 100%

The confinement of the outer zone within the boundary of the
L = 11.0 volume is arbitrary and has no physical meaning. It is
intended only as a simplification to facilitate our calculations.
The region considered "external’ (L > 11.0) in this study is still
partially a domain of the outer zone, at least as far out as L = 12.0
earth radii, according to the latest electron models (Singley and
Vette, 1972).

A last item on this table: the inner zone time Ti may be sub-
divided into two parts: the percentage of time spent outside the trapping

region (1.0 < L £ 1,1) and inside the trapping region (1.1 < L < 2,8),

f) Table of Physical Perigees:

This table is produced only for elliptical orbits with non-trivial

eccentricities.

It contains, for each period (revolution), the orbit time in hours
at which perigee occurred and gives the perigee position in geocentric
latitude (degrees), east longitude (degrees), and altitude (kilometers

above sea level). It also gives the magnetic field strength B and
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the shell parameter L at that position and it lists the instantaneous,
integral, trapped particle fluxes (standard energies) encountered at

these B and L values.
As in the case of the "Peak" tables, it is again advisable to

disregard the last line because frequently the orbit is incomplete

and the indicated position may not correspond to a true perigee.
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APPENDIX C

Description of Plots

a) The Time and Flux Histogram

This plot shows two curves superimposed on the same graph, namely,
one each for the variables "time" and "flux''. Both are given as functions
of the parameter L {(earth radii) within the range 1 L 10 on a semi-log
scale. The plot depicts: (1) by a plain curve the characteristic trajec-
tory intensities as obtained from the orbital integration process in

terms of averaged, integral particle fluxes above a given energy, over
constant L-bands of .1 earth radius width, and (2) by a contour marked
with symbols the percent of total lifetime (%T) spent in each L-interval.
The logarithmic ordinate relaies to the time-flux variables. The

printed numbers are powers of 10 and pertain to the fluxes; the scale
values for the time curve are given in the upper part of the ordinate
label: from 10_3 to 102 percent of T. The type of particles, their integral
energy, and the units, are all given in the lower part of the label, The

label on top of the graph lists some useful information about the trajectory.

b) The Spectral Profile

A graphical presentation of the final spectral distribution, obtained

from the orbital integration process. The plot is a semi-log graph,



d)

e)

where the abscissa is a linear energy scale for integral particle
energies Eo in Mev, and the ordinate is a logarithmic scale for the
orbit integrated fluxes, given in daily averages for energies greater

than ED; the printed scale values are powers of 10.

Peaks Per Orbit

Here the abhsolute peak intensities, encountered per period, are plotted
for the duration of the total flight time considered (1l peried = 1 revolu-
tion = 1 orbit). The logarithmic ordinate relates {o instantaneous
particle fluxes of the environment at the indicated energy threshold,

while the abscissa is a linear orbit enumeration,

World Map Grid Projection of Orbits

The trajectory is plotted for several revolutions on a global map
produced by a Miller Cylindrical Projection. The contours of the
continents have been omitted for clarity. The postiions of either
equatorial crossing, of physical perigee, or of period commencement
are indicated by numbers identifying the orbits shown in this graph,
For all trajectories, the distance between successive sequential

numbers is a measure of the orbit precession,

B-1. Trace of Orbits

This plot shows the trace of the trajectory in B-L space on a semi-log

scale, Several orbits are usually depicted, each identified by its



sequential number. The magnetic equator is entered on all plots,
The logarithmic ordinate relates to the field strength B in gauss; the
printed values are exponents of 10. L is given in earth radii on the

linear abscissa.
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TABLE 1

Partial Listing of
Parameters, Constants, Variables, or Expressions

designated as 'standard" in the text

Standard Tables:
Standard Plots:

Standard Production Run:

Standard Integration Stepsize:

Standard Energies:

Standard Procedure:

set of tables as listed in Figure 1,
in the regular format described in
Appendix B,

set of plots as listed in Figure 2,
in the regular format described in
Appendix C.

a production run processed on de-
fault options.

‘constant time increment of orbit

integration: 1' (60'").

protons E > 5. Mev and electrons
E > .5 Mev.

established procedure normally
followed vs. procedure followed in
special cases.



Table 2

B and L Extrema of Elliptical ISEE {(IME) Trajectories

Trajectory Perigee
...  Hemisphere
i Noxrth
2 North
3 South
4 South

ot.
No values are available because calculation and storage of

B and L is suspended beyond L = 12 earth radii by an

Perigeee B-range L-range

Altitude B-min B-max L-min L-max
(km) (ganma ) (earth radii)
1366 W 22184 1,20 ¥*
240 * 38175 0.99 *
1364 % .23927 1.28 ¥
240 ¥ 41023 1.09 *

(h,¢} ;‘P)—-sensitive test,
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ORBITAL FLUX STUDY WITH COMPUOSITE PARTICLE ENVIRAONMENTSS
— &% ELECTRON FLUXES EXPONMENTIALL ¥ DECAYED TO 1973e.6. WITH LIFETIMES:
% MAGNETIC COORDINATES B AND L COMPUTED BY INVARA OF 1972 #ITH ALLMAG,

EG__*% JHNCLINATION=. 2O9DEG..¥% PERIGEE=
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*% DRBITAL FLUX.S5TUDY WITH COMPOSITE PARTICLE ENVIRONMENTS: VETTES APS, APS, AP7: AE4, AES, FOR SOLAR MAXIMUM ®*¥%x UNIFLX OF I973 *x
.. W% ELECTRON FLUXES EXRONENTIALL.Y. DECAYED TO.1973« & WITH LIFETIMES: E4GaSTASSINOPCULOSEP. VERZARIU. 3% CUTOFF - TLME S B R

&% MAGNETIC COORDINATES B AND L COMPUTED BY INVARA OF. 1972 WITH ALLMAG: MODEL &3
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. BF
R B ECTHDON FLUXES EXPONENTLALLY DECAYED TO . 1973, A W]TH

*E MAGMETIC COORDINATES B AND L COMPUTED BY INVARA OF 1972 WITH ALLMAG,

ORI ITAL FLUX STUDY WITH COMPOSITE PARTICLE ENVIROMMENTS:

VETTES APS. APSs APT7; AE4s AES.
LIFETIMES: E,G.STASSINORPOULOSLP . VERZARIU %& CUTOFF TIMES:
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* TIME= 19T73,0 #*
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— k.
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R RER R R KRR ERER PR KRR RN AR R R RE R EFF R R KR KRR Rk kR kR

POSITION AT WwHICH

PERIOD PEAK FLUX FIELD(B) LINE(L)
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S 4o 729E 05 ~T6e 193 Se 20 342563 235+91666 0.09233 1.74 3,889 08
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- e e A0 L L 1aTTTIFE Q06 . 177038 ___ Bef3. __ 418477 . 53049976 .  0a07307 . ~le€3 - le IGNE 09 _

CFEFEERENE LR KRRk R R
ENERGY D> S5«000MEV %%
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FOTAL FLUX

ORBIT TIME

E&RCCUNTERED
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TABLE ARRANGEMENT

Computer Produced Output Tables for Orbital Flux Integrations,

Standard Production Runs with UNIFLUX Program,

#8 | Solar Protons
Flux & Exposure

#7| Expos. | Time

Index “ Account
I

#6[Table of Peaks
#5 | Spec.Dist.§ Exp.I.
#4 L-Band Table

c
#3[ Table of Peaks b ;gection 2: Electrons
#2 [ Spec.Dist.§ Exp.L e
Table #1 L-Band Table

C
bl” Section 1: Protons

Figure 1: Set of tables produced for every trajectory considered -
' in an orbital radiation study.



PLOT ARRANGEMENT

Computer Produced Plots for Orbital Flux Integrations.

Standard Production Runs with UNIFLUX Program.

#8 | B-L Space Trace

#7|World Map Grid
Projection

#6|
#5] Section 3: Flight Path
#4 Data
c
#3[  Peaks/Orbits b E;éection 2: Electrons
#2| Spectral Profile a

Plot #1| Time & Flux Histgr

C

bl/Section 1: Protons

Figure 2: Set of plots produced for every trajectory considered
in an orbital radiation study.
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